




Halogen light curing units have been widely used inrestorative procedures. Quartz-tungsten halogen (QTH)
lamps present a spectral output from 400 to 500 nm, which
includes the spectral peak of absorption of all the initiators
used in dental composites, such as camphorquinone (CQ),
phenylpropanedione (PPD) and aryl phosphine oxides. The
efficacy of halogen light used in the photoactivation of resin
composites has been proven by several studies. 5,14,15,20,22
However, despite their popularity, they have several draw-
backs. The halogen bulb, reflector and filter can degrade
over time due to the high temperatures produced during the
operating cycles.10,22 This results in a reduction of the halo-
gen curing-unit effectiveness over time; the lifetime of QTH
lamps is approximately 40 to 100 hours. Fluctuation in line
voltage also interferes with the efficiency of halogen units.
To overcome these problems, blue-light emitting diode
(LED) technology has been proposed as a substitute for con-
ventional QTH lamps.15,19,27 Rather than a hot metallic fila-
ment as used in halogen bulbs, LEDs use junctions of doped
semiconductors (p-n junctions) for the generation of light.10
Blue LEDs have a bandwidth of about 20 nm with a narrow
wavelength peak around 470 nm, which is coincident with
the CQ absorption peak; consequently, there is no need of
the filters required in QTH lamps.26 However, the short wave-
lengths of LED light make it unsuitable for initiators other
than CQ, such as PPD and aryl phosphine oxides, which are
used in bleaching and glaze materials. 
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Materials and Methods: The buccal surfaces of 120 bovine incisors were ground until a flat dentin area was obtained.
A circular cavity (4 mm in diameter x 1.5 mm in depth) was prepared in this area. Scotchbond Multi Purpose was applied
in the cavities following the manufacturer's instructions. The specimens were randomly assigned into 4 groups accord-
ing to the lining technique: (1) control (1 adhesive layer); (2) three adhesive layers; (3) Filtek Flow; (4) Protect Liner F.
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Results: All the tested lining techniques significantly decreased marginal gap formation when compared with the con-
trol group only for the QTH light groups. There was no significant difference among the light-curing methods. 
Conclusion: The use of resin liners can effectively reduce the gap formation along dentin margins, but only when QTH
light is used.
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Another advantage of the LED technology is the signifi-
cant energy savings over QTH technology. Considering the
QTH light, the power loss due to heat generation reaches
70%, and only 10% of the electrical energy is used for visi-
ble light emission. Moreover, the light intensity decreases to
10% when a cut-off filter is used to obtain the blue wave-
length for curing resin composites. Consequently, the final
rate of energy that really reacts with the CQ is only 1% of the
total energy input into the QTH lamp.10
LED curing units present power density of around 400
mW/cm2, and as LEDs do not produce infrared wavelengths,
the heat generation is significantly reduced. Consequently,
these lamps are expected to have a lifetime of several thou-
sand hours without significant reduction of the power den-
sity over time. 
Some new LED curing units (second generation) show a
high power density (around 1000 mW/cm2), which produces
heat during polymerization procedures. This heat could in-
cur the same disadvantages associated with halogen curing
units.
Another photoactivation technology recently adopted is
the plasma arc curing unit (PAC). The light is emitted from a
glowing plasma, which is composed of a gaseous mixture of
ionized molecules and electrons.21 PAC units are character-
ized by a very high output (as much as 1800 mW/cm2) at the
wavelengths of 470 to 480 nm (effective to activate CQ).12
These units were introduced to reduce the irradiation time
required for polymerization of resin composites.5,12,21 How-
ever, the high power density of PAC units leads to a highly in-
creased polymerization velocity, which can cause reduction
of the flow capacity of the composites, resulting in high lev-
els of shrinkage stress and, consequently, marginal gap for-
mation.3,6
These gaps are the main cause of restoration failure and
subsequent microleakage in resin composite restorations.
Creating a perfect marginal seal of composite restorations is
still a challenge for researchers and clinicians, especially on
dentin margins.17 The use of several compensatory mecha-
nisms has been proposed to minimize the stress generated
by polymerization shrinkage and consequently to reduce the
potential for marginal gaps.4,6
One of these compensatory mechanisms is the use of a
low-stiffness intermediary layer intended to absorb stress
due to its low elastic modulus. This allows deflection be-
tween the rigid traditional composites and the dentin sub-
strate, improving marginal seal and increasing the durabili-
ty of the dentin bond.1,4,18,30 Thicker adhesive layers of un-
filled adhesives, filled adhesives, and flowable composites
have been used for this purpose. 
Flowable composites as liners have been effective in im-
proving the marginal adaptation of composite restora-
tions.7,8 Because flowable composites have a higher con-
centration of monomer systems than traditional compos-
ites, their elastic modulus is lower.2 According  to Hook’s law,
shrinkage stress depends on the modulus of the material.16
Yazici et al30 showed that the combination of flowable resin
composite and hybrid composite yields the most effective re-
duction of microleakage.
Based on the adhesive restorative technique with resin
composites and bearing in mind their restrictions, the aim
of this study was to evaluate the influence of resin liners on
the marginal adaptation to dentin of resin composite
restorations photoactivated by QTH, LED, and PAC units.
MATERIALS AND METHODS
Table 1 presents the manufacturers, batch numbers, and
composition of the materials. Table 2 describes the light cur-
ing units used in this study.
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Materials Manufacturer and batch no. Components
Scotchbond 3M Dental Products Etchant: 35% phosphoric acid
Multi Purpose St Paul, MN, USA Primer: aqueous solution of HEMA
Batch: 7543 and polyalkenoic acid copolymer
Adhesive: bis-GMA; HEMA; photointiator
Filtek Z250 (A3) 3M Dental Products Bis-GMA; bis-EMA; UDMA;
Batch:1370A3 inorganic filler – zirconia/silica 
(60% volume); photoinitiator
Filtek Flow (A3) 3M Dental Products Bis-GMA; bis-EMA; UDMA; inorganic filler–
Batch: 1BA zirconia/silica (47% volume);
photoinitiator
Protect Liner F Kuraray Bis-GMA; TEG-DMA; UDMA; 
Osaka, Japan fluoride-methyl-methacrylate; 
Batch: 0042AY silanized colloidal silica (42% by weight); 
prepolymerized organic filler; 
photoinitiator






One hundred twenty bovine incisors were selected, cleaned,
and stored in a 0.5% chloramine T solution under refrigera-
tion (4°C) for one week. The roots were sectioned off 1 mm
under the cementoenamel junction using a double-face dia-
mond saw (KG Sorensen, Barueri, SP, Brazil). Then the teeth
were ground on a water-cooled mechanical polisher
(Minimet 1000, Buehler, Lake Bluff, IL, USA) using 80-, 180-,
320-, and 600-grit silicon carbide (SiC) abrasive paper (Car-
bimet Disc Set, #305178180, Buehler) to expose a flat
dentin area of at least 6 mm in diameter on the buccal sur-
face. The teeth were observed under a stereomicroscope
(Model XLT30, Nova Optical Systems, Novo Tempo, Piraci-
caba, SP, Brazil) at 25X magnification to verify whether the
enamel had been completely removed.
Cavities (4 mm in diameter x 1.5 mm deep) were prepared
in the central area of the flattened dentin surface. These cav-
ities were made using a round diamond bur #3053 (KG
Sorensen) mounted in a high-speed handpiece (Kavo do
Brasil, Joinville, SC, Brazil) under constant air-water cooling.
Tips were substituted after every 10 preparations.
Cavity internal walls were 90 degrees to the surface plane
(entirely located in dentin), with rounded internal angles cor-
responding to the diamond tip used. The C factor of the cav-
ity was 2.5. If any pulp exposure was noted on the axial wall
during the preparation of the cavities, the specimen was dis-
carded.  
Restorative Procedure
The teeth were randomly divided into 4 groups of 30 teeth
each according to the lining technique, as follows:
• Control, 1C: Scotchbond Multi Purpose adhesive system
(SBMP) was applied according to manufacturer’s in-
structions: 35% phosphoric acid gel was applied to dentin
for 15 s and rinsed for 10 s. Water excess was removed
using an air syringe, leaving the surface slightly moist.
SBMP primer solution was applied to the tooth substrate
and gently dried for 5 s in order to render a shiny surface.
Then, SBMP adhesive was applied and light cured ac-
cording to the photoactivation technique. 
• 3C: SBMP was applied according to manufacturer’s in-
structions, but the adhesive was applied in 3 layers,
which were light activated individually. 
• PL: SBMP was applied according to manufacturer’s in-
structions, followed by application of the flowable com-
posite Protect Liner F as a liner.  
• FF: SBMP was applied according to manufacturer’s in-
structions, followed by application of the flowable com-
posite Filtek Flow as a liner. 
The application of the flowable composite as a resin liner
(groups PL and FF) was standardized in volume: A 1-cm
length of material was dispensed on a glass slab; then it was
applied with a microbrush in a spiral movement from the bot-
tom to the top of the cavity. Liner photoactivation procedures
were carried out according to the restorative composite pho-
toactivation technique.
Filtek Z250 resin composite was inserted in a single in-
crement and light cured according to one of the three pho-
toactivation techniques, as described in Table 2. 
After light curing procedures, the specimens were stored
in distilled water at 37°C for 24 h and then finished and pol-
ished under running water using 600- and 1200- grit SiC pa-
pers. 
Evaluation of Marginal Adaptation 
In order to determine the degree of surface marginal adap-
tation, a dye staining test was carried out to detect the gap
formed. A 1.0% acid red propylene glycol solution (Caries De-
tector, Kuraray, Osaka, Japan) was applied on the restora-
tions margins for 5 s.31 The specimen was then rinsed in tap
water and gently blown dry. Using this technique, gaps be-
come highly stained and thus easy to quantify. The dyed
gaps on the surface margins were observed using a Leica
MZ6 stereomicroscope (Leica Microsystems, Heerbrugg,
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Photoactivation Light curing Power Time exposure 
technology unit density3 Adhesive Flowable Restorative
layer composite composite
Quartz tungsten XL30001 800 mW/cm2 10 s 20 s 20 s
Halogen
(QTH)
Light emitting Elipar Free 370 mW/cm2 20 s 40 s 40 s
diodes               Light1
(LED)
Plasma arc Apollo 95E2 1200 mW/cm2 3 s 3 s 3 s
(PAC)
Table 2   Light curing techniques
1 3M Dental Products, St Paul, MN, USA. 
2 Dental Medical Diagnostic Systems, Westlake Village, CA, USA.





Switzerland) at 16X magnification. A digital image of each
specimen was obtained at this stage (Fig 1). From the im-
ages, the length of dye staining along the cavity margins was
measured using the Leica WIN Software (Leica Microsys-
tems). The degree of marginal gap was determined as the ra-
tio of the dye-stained margin divided by the total length of
the cavity margin and then converted to percentage. This
was referred to as the marginal gap formation.
Marginal gap scores were analyzed by two-way ANOVA
and compared by the Tukey test at a 5% level of significance.
RESULTS
The ANOVA test detected statistically significant differences
among the groups (p < 0.05). The differences according to
Tukey’s test are expressed in Table 3.
Concerning the factor photoactivation technology, no sig-
nificant difference was observed, regardless of the lining
technique employed.
For the factor lining technique, significant differences
could be observed only for QTH light. The highest mean of
gap formation was found for the conventional lining tech-
nique group (1C: 56.1%). The other lining techniques were
capable of effectively reducing gap formation (3C: 35.9%;
PL: 36.5%; FF: 29.4%). With the other photoactivation tech-
nologies, the resin liners had no effect on marginal adapta-
tion, since there was no significant difference among the
groups polymerized with LED and plasma arc light.
DISCUSSION
In this study, none of the restorative techniques were capa-
ble of ensuring a perfect marginal seal of restorations with
margins completely located in dentin. This type of cavity was
chosen instead of cavities with enamel margins, because
sealing of the latter has already proven to be good, present-
ing extremely reduced gap formation.17 A flawless bond to
dentin has proven to be a great challenge to clinicians and
researchers. The bonding process is very difficult because
dentin is a vital, hydrated, multicomponent material with
structures and properties that vary with location.17 In addi-
tion, it has been observed that it is more difficult to ensure
good marginal quality in bovine than in human dentin.23 This
explains the high percentage of marginal gaps observed in
this study. 
Besides locating the margins in dentin, the high percent-
age of marginal gaps on most of the restorations is also ex-
plained by the high C factor (2.5) of the cavity used in this
study. The shrinkage of the composite in this cavity would
promote high stress levels,9 which could cause the failure of
the bond between dentin and composite under develop-
ment of the shrinkage stress.6
The results of this study confirm the effectiveness of resin
liners as a stress-absorbing layer only for QTH light groups.
This is because polymeric materials with a lower elastic mod-
ulus exhibit a viscous flow when they are submitted to stress,
showing plastic deformation.29 Thus, when this low modu-
lus liner is applied in the cavity before the insertion of the
restorative composite, the stress occurring on the cavity
walls will be lower due to the viscous flow that absorbs part
of the shrinkage stress, allowing gap reduction.
Considering flowable composite lining, our findings are in
agreement with those of other authors.7,8,11 The improved
performance of the flowable composite as a liner was at-
tributed to the stress absorption by this elastic layer. How-
Alonso et al
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Fig 1 Digital image of a dyed specimen. (1) dentin; (2) compos-
ite restoration. The arrows indicate marginal gaps stained by the
Caries Detector (Kuraray). 
Photoactivation method
Resin liner Halogen Plasma arc LED
One adhesive layer 56.1 (5.85) A a 46.7 (4.41) A a 46.4 (4.34) A a
Three adhesive layers 35.9 (4.14) B a 38.6 (6.45) A a 40.8 (3.10) A a
Protect Liner F 36.5 (3.54) B a 31.3 (3.12) A a 45.9 (3.66) A a
Filtek Flow 29.4 (7.49) B a 37.4 (4.63) A a 50.1 (4.84) A a
Table 3   Percentage of gaps in marginal adaptation test






Alle Rechte vorbehaltenever, the reduction of the volume of restorative composite
applied to the cavity cannot be neglected; it causes a re-
duction in polymerization shrinkage, leading to some de-
crease in contraction stress and permitting better marginal
adaptation. The efficacy of these liners was also verified by
Montes et al,18 who reported that a low-viscosity intermedi-
ate resin liner improved dentin bond strength. 
Thicker, unfilled adhesive layers have also been effec-
tively used to reduce the shrinkage stress. In this study, the
use of a thicker adhesive layer with SBMP adhesive was ca-
pable of enhancing the marginal adaptation, because the
SBMP is a low elastic modulus adhesive (4.5 GPa, Labella
et al16). Considering that stress absorption is directly relat-
ed to the liner thickness and elastic modulus,1 the shrink-
age stress is reduced and the marginal adaptation can be
improved in the groups with three adhesive layers. The ten-
sile stress imposed by polymerization shrinkage of the
restorative composite is in part absorbed by the elastic elon-
gation of the adhesive layer. 
However, it should be noted that thicker layers of adhe-
sive have some drawbacks. A thick layer of unfilled adhesive
at the margin of a restoration may lead to enhanced wear of
this region. Additionally, since the adhesive is radiolucent, it
may pose diagnostic problems at subsequent examina-
tions.4
The photoactivation method is another factor that could
affect the shrinkage stress. The energy dose will control the
conversion degree, but the way in which this energy is ap-
plied (power density and type) to the composite also has an
important effect, as confirmed by several authors.5,7,28 In
this study, however, marginal adaptation did not differ ac-
cording to photoactivation method, which agrees with the
findings by Hasegawa et al,12 Hofmann et al,13 and
Peutzfeldt et al.21
It has been hypothesized that the high intensity of PAC
units produces an immediate start and a fast progression of
the shrinkage strain. This could cause reduction of the pre-
gel period, reducing the flow capacity of the composite.28
This phenomenon could negatively affect the marginal adap-
tation of the composite restoration.3 However, this hypothe-
sis could not be confirmed in the present study. This could
be explained by a possible reduction of the degree of con-
version, which could mask the high stress levels, yielding
marginal gap formation similar to that found for the other
groups. It should be considered that the energy dose of the
PAC unit (5.4 J/cm2) is significantly lower than the QTH dose
(16 J/cm2). It is well established that lower energy dose re-
duces the degree of conversion, resulting in lower polymer-
ization shrinkage.25 In addition, Park et al20 and Sharkey et
al24 have also stated that PAC units could not ensure opti-
mal mechanical properties or adequate cure of composite
restorations with the exposure time recommended by the
manufacturer (3 s). 
An LED-curing unit was also evaluated in this study. No-
mura et al19 reported that the resin composites cured with
LED units have a more stable internal structure than those
cured with conventional halogen units based on thermal
analysis. In this study, the marginal adaptation of the com-
posite restorations photocured with LED units was similar to
that observed in the other groups. Although the LED unit
used has a lower power density (370 mW/cm2), the expo-
sure time was regulated (40 s) and the energy dose (14.8
J/cm2) was quite similar to QTH dose (16 J/cm2). Teshima et
al27 stated that the energy required to generate a given
quantity of radicals using LED units was smaller than that us-
ing the QTH units. This means that the power density for LED
units could be lower, generating the same quantity of free
radicals to excite the CQ. Based on the results of this study,
it can be stated that the LED technology is a suitable method
of polymerizing resin composite restorations without further
detriment to marginal adaptation when compared to halo-
gen-photocured restorations.
Other authors also support the use of the LED technolo-
gy for light curing. Knezevic et al14 showed maintenance of
the conversion degree and reduction of the heat production
using LED photoactivation of resin composites. Stahl et al26
observed that the mechanical properties of resin compos-
ites were maintained or even improved when these materi-
als were photocured using LED units.
Resin liners showed no effect on the restorations photo-
cured using LED and PAC lights. This is probably the result
of slight reduction of gap formation on the control restora-
tive groups (one adhesive layer). For these control groups,
when the QTH light was used, the mean marginal gap for-
mation was 56.19%, while for the LED and PAC groups the
means were 46.41% and 46.76%, respectively. These values
were not statistically different, but the numerical reduction
for the LED and PAC groups could move these values closer
to those obtained for the resin liner groups, resulting in sta-
tistically similar gap values.
CONCLUSION
According to the results of this in vitro study, it can be con-
cluded that:
1. None of the restorative techniques were capable of pro-
ducing a perfect seal on the dentin margins. 
2. The use of LED and plasma arc photoactivation tech-
nologies did not produce any significant worsening of
marginal adaptation.
3. The use of resin liners can effectively reduce the gap for-
mation on dentin margins, allowing better marginal adap-
tation, but only when QTH light is used.
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Clinical relevance: The use of low elastic modulus resin
liners seems to be more advantageous in decreasing mar-
ginal gap formation in resin-based restorations than the
use of a specific photoactivation method, which appears
to have no effect on marginal adaptation of these restora-
tions.

